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ABSTRACT 
The application of duplex stainless steels in various applications such as in petrochemical, 
water desalination and paper milling industries has rapidly increased in recent years, 
taking advantage of the combination of high strength and good corrosion resistance from 
the dual phase stainless steels. However, having low wear resistance and low surface 
hardness limits the applicability of the steels for wider applications; thus, improvement of 
the features is essential. A thermochemical hybrid treatment process has been developed 
to improve the wear resistance and surface hardness of duplex stainless steels without 
compromising its corrosion resistance. The process was performed by using a mixture of 
methane (CH4), ammonia(NH3) and nitrogen (N2) at low temperature of below 500°C. 
The process simultaneously introduces the alloying elements of carbon and nitrogen into 
the surface of the duplex stainless steels forming a precipitation free layer along with 
improvement of wear resistance and surface hardness. This study discusses the influence 
of the process parameters such as temperature, holding time and gas composition used 
during the process towards the structural development and morphology of the layer as 
well as the effects of precipitation on the chromium element. It was found that the 
nitrogen and carbon diffused at the layer producing expanded austenite phase and 
expanded ferrite phase of a complex combination of YN, yc, GIN and ao The expanded 
phases increased the surface hardness up to five times, improvised the wear resistance of 
the treated samples. However, traces of precipitation of chromium were detected in 
sample treated at prolonged 30 hours of holding time and for the sample treated for a 
temperature of 500 °C, indicating the limit of the process parameter used to produce the 
precipitation free expanded phases. It can be concluded that the improvement on the 
surface hardness and wear resistance of duplex stainless steel can be achieved by the 
formation of expanded phases at the layer by controlling the main parameters during the 
thermochemical process. 
iv 
ACKNOWLEDGEMENT 
In the name of Allah, Most Gracious, Most Merciful 
All praise and glory to Almighty Allah (Subhanahu Wa Taalaa) who gave me all the 
courage and patience in order to complete this work. Peace and blessing of Allah be upon 
Prophet Muhammad (Peace Be upon Him). 
I would like to express my highest appreciation and gratitude to my PhD supervisors, 
Assoc. Prof. Dr. Esa Haruman and Prof. Dr, Mohamad Nor Berhan, for a constant help, 
guidance and support throughout this work and on several other occasions. 
Acknowledgement is due to the Faculty of Mechanical Engineering, Universiti Teknologi 
MARA for supporting this research and providing me with necessary infrastructure and 
research environment. 
I also want to acknowledge my colleagues and friends, whom I had a pleasant, enjoyable 
and fruitful discussions. Thanks are due to the staff of Material Science Laboratory and 
Heat Treatment Laboratory, FKM, UiTM and to all those assist me during the this work. 
Finally, I extend my acknowledgement and heartfelt love to my wife, Latifah; sons, Imran 
& Izz; parents, brother and sister, who have been with me all the time to spur my spirits. 
v 
